The rapakivi texture found in many granitoids comprises alkali feldspar megacrysts mantled by plagioclase, usually of oligoclase composition. The existing models for their genesis involve magmatic or dry subsolidus processes. Here, we describe the occurrence of rapakivi feldspars in A-type granites from the Malani Igneous Suite in western India and use microtextural and geochemical evidence to argue that rapakivi textures can form by subsolidus deuteric alteration of feldspar megacrysts through a coupled dissolution-reprecipitation replacement process. The feldspars in granites from the Malani Igneous Suite crystallized at temperatures >720 C and subsequently underwent coherent exsolution, producing strain-controlled braid microperthite/antiperthite. At temperatures of 465-490 C, the feldspar megacrysts reacted with deuteric fluids, which led to the dissolution of the braid perthite/antiperthite along an inward-moving reaction interface and coupled precipitation of an oligoclase/albite mantle. As the rapakivi replacement front progressed inward, the fluids infiltrated into the interiors of the relict megacrysts along fractures and braid boundaries and reacted with the braid perthite via a dissolution-reprecipitation replacement process. This resulted in the formation of patch perthite/antiperthite. The replacement reactions were incomplete, preserving patches of the unreacted braid perthite. At temperatures of 253-283 C, the feldspars were partially albitized, whereby the oligoclase patches and the plagioclase mantle were partially pseudomorphically replaced by albite. Mass-balance constraints indicate that the replacement processes leading to the formation of the plagioclase mantle and the patch perthite/ antiperthite were not isochemical. The fluid composition was externally buffered for many of the elements, but internally controlled by feldspar dissolution-reprecipitation reactions for those elements that are normally incorporated in the feldspar structure. These results conclusively demonstrate for the first time that in addition to magmatic processes, rapakivi feldspars can form by subsolidus, fluid-induced, dissolution-reprecipitation replacement reactions.
INTRODUCTION
The rapakivi texture (sensu lato) observed in many granitoids is characterized by alkali feldspar megacrysts mantled by plagioclase, usually of oligoclase composition (Sederholm, 1891; Eskola, 1930; Vorma, 1971 Vorma, , 1976 Anderson, 1980; Bladh, 1980; Elliston, 1985; Nekvasil, 1991; Wark & Stimac, 1992; Dempster et al., 1994; Eklund & Shebanov, 1999; Haapala & Rä mö , 1999; Mü ller & Seltmann, 2002; Mü ller et al., 2008; Wang et al., 2011; Zhang et al., 2011; Vernon, 2016) . The origin of the texture is enigmatic and numerous theories have been presented to explain the formation of such feldspars (see reviews by Emslie, 1991; Rä mö & Haapala, 1995; Vernon, 2016) . The existing models for their genesis involve magmatic or subsolvus processes. In the magmatic models, the mantling of alkali feldspar megacrysts by plagioclase has been explained as being due to changes in the crystallization conditions of the magma, leading to fluctuations in feldspar stabilities. These models involve early crystallization of alkali feldspar followed by a period of plagioclase crystallization without alkali feldspar. The proposed mechanisms that could trigger changes in feldspar stabilities during crystallization include variations in pressure, temperature, a H2O , or magma composition. Many of the magmatic models involve mixing of silicic and basic magmas as a general mechanism for the formation of rapakivi feldspars. Others invoke subisothermal decompression of low-volatile crystal-saturated silicic magmas. In the magma mixing models, the mingling of a alkali feldspar-saturated silicic magma with a more mafic magma changes the magma composition and increases its temperature, leading to resorption of alkali feldspar megacrysts and precipitation of plagioclase around them (Bladh, 1980; Hibbard, 1981; Bussy, 1990; Andersson, 1991; Wark & Stimac, 1992; Eklund et al., 1996; Sukhorukov, 1996; Persson, 1999; Eerola, 2002; Mü ller & Seltmann, 2002; Slaby et al., 2002 Slaby et al., , 2007 Slaby & Gö tze, 2004; Mü ller et al., 2005 Mü ller et al., , 2008 Wang et al., 2008) . In contrast, the proponents of magma decompression argue that the sub-isothermal rise of a low-volatile, crystal-saturated A-type granitic magma from lower/middle crustal levels to the upper crust results in plagioclase remaining stable but quartz and K-feldspar being resorbed. This leads to the crystallization of plagioclase around resorbed K-feldspar (e.g. Shkodzinsky, 1985; Nekvasil, 1991; Shebanov, 1993 Shebanov, , 1994 Shebanov & Eklund, 1997; Eklund & Shebanov, 1999) . The subsolvus models for the formation of rapakivi feldspars involve high-temperature exsolution of plagioclase from ternary feldspars followed by its redistribution onto the margin of the phenocrysts in a fluorine-rich environment (Dempster et al., 1994) .
The existing models for the origin of rapakivi feldspars by and large involve either magmatic or 'dry' subsolidus re-equilibration processes. However, granitic bodies often preserve textural, mineralogical, and isotopic evidence for extensive deuteric/hydrothermal alteration and fluid-induced subsolidus re-equilibration (e.g. Parsons, 1978; Dempster et al., 1994; Zuddas et al., 1995; Parsons & Lee, 2000; Engvik et al., 2008; Plü mper & Putnis, 2009; Upadhyay & Pruseth, 2012) . Oxygen isotope studies (Taylor, 1977; Taylor & Forester, 1979; Hoefs & Emmermann, 1983; Ferry, 1985; Simon, 1990; Gardien et al., 2015) show that many granitic complexes have undergone considerable water-rock interaction, involving both deuteric as well as external fluid circulation systems (Fyfe et al., 1978; Salvi & William-Jones, 1990 Pollard et al., 1991; Yardley & Shmulovich, 1995; Zuddas et al., 1995; Zhao et al., 2011) . The subsolidus interaction of granitic rocks with fluids produces unique microtextures in feldspars such as patch perthite, turbidity, porosity and albitization (Worden et al., 1990; Parsons et al., , 2013 Plü mper & Putnis, 2009) , which provide insights into fluid flow and mass-transfer pathways (e.g. Parsons & Lee, 2000 , 2009 . Thus, the role of fluids in the textural and mineralogical modification of granitic rocks cannot be overemphasized. In this context, we describe here the occurrence of rapakivi feldspars in A-type granites from the Malani Igneous Suite in western India. We use microtextural and geochemical evidence to argue that rapakivi feldspars can form by subsolidus deuteric to hydrothermal alteration of granites, through a coupled dissolutionreprecipitation replacement process involving feldspar megacrysts. A few earlier studies (e.g. Sibiya, 1988; Dawes, 1966; Collins & Sylvester, 2008) have hinted at the role of metasomatism in generating mantling textures. However, we conclusively demonstrate that in addition to magmatic processes, rapakivi feldspars can form by subsolidus fluid-induced dissolution of feldspar megacrysts and pseudomorphic replacement by oligoclase and albite.
GEOLOGY OF THE MALANI IGNEOUS SUITE
The Malani Igneous Suite in western India represents the largest ($51 000 km 2 ) felsic magmatic province in India (Pareek, 1981; Bhushan, 2000; Gregory et al., 2009) (Fig. 1) . The suite of rocks overlie or intrude the Early-Middle Proterozoic Aravalli/Delhi Supergroup (Pareek, 1984) or the Erinpura granites (Pandit et al., 1999) and are overlain by the Marwar Supergroup of Vendian to early Cambrian age. Magmatic activity in the province is inferred to have taken place in three pulses (Pareek, 1981; Bhushan, 1984; Kochhar et al., 1995; Pandit & Amar Deep, 1997) . The first phase comprised bimodal volcanism that commenced with basic lava flows followed by rhyolites, ultrapotassic rhyolites, ash flow deposits and ignimbrites (Bhushan, 2000) . These eruptions were predominantly subaerial to aqueous. The second phase of igneous activity involved emplacement of granitic plutons and ring dykes, whereas the third and final pulse of magmatism is represented by predominantly felsic and minor mafic dike swarms (Kochhar et al., 1995) .
The felsic volcanic rocks are mostly rhyolite, rhyodacite, dacite and trachyte, forming lava flows, welded tuffs, vitric, lithic and partially crystallized tuffs, volcanic/explosion breccias and volcaniclastic conglomerates. The granitic intrusions are represented by the peraluminous Jalore granite, which forms batholithic bodies, and the peralkaline Siwana granite forming a ring-dyke complex (Fig. 2) .
Uranium-Pb isotope dating of zircon (Torsvik et al., 2001; Gregory et al., 2009 ) from the Malani Igneous Suite rocks constrains the magmatic activity at c. 771-751 Ma. Broadly similar ages (779-680 Ma) have been reported using the whole-rock Rb-Sr isotope system (Crawford & Compston, 1970; Choudhary et al., 1984; Dhar et al., 1996; Rathore et al., 1996 Rathore et al., , 1999 . The Siwana granites are peralkaline, A-type with high Na 2 O þ K 2 O, Fe/Mg, Ga/Al, Ga, Zr, Nb, Y þ REE (rare earth elements) and Zn, and low Al 2 O 3 , CaO and Sr. They are enriched in incompatible elements such as Zr, Nb, Y and REE and display negative Ti, Sr and Ba anomalies (Eby, 1990; Maheshwari et al., 2001; Singh & Vallinayagam, 2013) (Fig. 2) . The volcanic rocks associated with the Siwana granite include peralkaline rhyolite, trachyte, and tuff. These are geochemically similar to the granites (Bhushan, 2000; Singh et al., 2006; Singh & Vallinayagam, 2009 ). The Jalore granite comprises two petrological varieties, biotite granite and hornblende granite. The biotite granites are peraluminous and characterized by relatively high SiO 2 , Al 2 O 3 and Rb, and low REE, Zr and Nb, whereas the hornblende granites are metaluminous to mildly peralkaline, moderately enriched in REE, Zr and Nb but depleted in Sr (Maheshwari et al., 2002) (Fig. 2) . In an Rb vs Nb þ Y tectonic discrimination diagram, both granites plot in the field of within-plate granitoids (Fig. 2) .
The Siwana and Jalore granites have low
Nd (0Á126-0Á157), variable e Ndi (-2Á7 to þ 4Á8) and define an Rb-Sr isochron with an age of 725 6 7 Ma and initial 87 Sr/ 86 Sr of 0Á7062 (Dhar et al., 1996) . The parental magmas of both the Siwana and Jalore granite are inferred to have been mantle-derived, with those of the Jalore granite having assimilated crustal material of Archean age (Dhar et al., 1996) .
There appears to be no consensus on the geodynamic model explaining Malani magmatism. Sinha-Roy & Mohanty (1988) suggested that the Malani igneous activity was related to the subduction of Delhi oceanic or transitional crust below the western Aravalli Craton in an Andean-type active margin setting (Torsvik et al., 2001; Ashwal et al., 2002; Gregory et al., 2009) . Others, however, considered the magmatism to be anorogenic and related to hotspot activity (Kochhar, 1984; Eby & Kochhar, 1990; Bhushan, 1999 Bhushan, , 2000 Sharma, 2004) . Mahakosal; 3, Satpura; 4, North Singhbhum; 5, Sakoli; 6, Dongargarh; 7, Eastern Ghats; 8, Pandyan. The hotspot model has been questioned by Pareek (1984) and Srivastava (1988) , who have advocated an intra-cratonic rift setting in an extensional tectonic regime with lineament-controlled igneous activity explaining the magmatism, based on the linear outcrop patterns of the Malani rocks and conglomerates and other sedimentary units in close association with the Malani volcanic rocks.
ANALYTICAL TECHNIQUES
Major element compositions of the minerals were determined by electron probe micro-analysis (EPMA) using a Cameca SX-100 system at the Department of Geology and Geophysics, Indian Institute of Technology, Kharagpur. The analyses utilized a beam current of 20 nA at an acceleration voltage of 15 kV. The dwell times were set at 10 s on the peaks and 5 s on the background. The following standards and emission lines were used for calibrating the instrument: jadeite (Na-Ka), orthoclase (Si-Ka, K-Ka), diopside (Ca-Ka), MgO (Mg-Ka), Al 2 O 3 (Al-Ka), fluor-apatite (F-Ka, P-Ka), NaCl (Cl-Ka), Fe 2 O 3 (Fe-Ka), rhodonite (Mn-Ka), TiO 2 (Ti-Ka), barite (Ba-La), sphalerite (Zn-Ka), Cr 2 O 3 (Cr-Ka). A TAP crystal was used to analyze F, Na, Al, Si and Mg; PET for Ca, Ti, K, P, Ba and Cl; LIF for Mn, Cr, Zn and Fe. ZAF matrix corrections were performed by the Cameca supplied PAPSIL software. Fluorine was calibrated with fluorapatite using a spot size of 5 mm to minimize its excitation. Representative analyses are listed in Table 1 . Back-scattered electron (BSE) images were obtained using a JEOL JSM 6490 scanning electron microscope (SEM).
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ablating NIST 612 reference glass, which was also used for external calibration using standard-sample bracketing techniques. The data were reduced offline using the GlitterV C software (Griffin et al., 2008) with Ca and Si as internal standards. Accuracy and reproducibility were estimated from repeat analyses of the NIST 610 reference glass as an unknown during the analytical sessions. Representative analyses of samples and the average values for the NIST 610 glass are listed in Table 2 .
PETROGRAPHY AND MINERAL CHEMISTRY

General petrographic description
Plagioclase-mantled feldspar megacrysts are found in both the Jalore and the Siwana granites. The Jalore granites are pink, peraluminous and subsolvus, and contain quartz, perthitic alkali feldspar and plagioclase, together with ferroedenite, biotite and chlorite. The accessory minerals include muscovite, sericite, epidote/zoisite, apatite, zircon, rutile, titanite, allanite, monazite, bastnä site-Ce and iron oxides. In general, these granites are porphyritic with quartz and alkali feldspar phenocrysts (up to 15 mm across) set in a finer-grained groundmass of equigranular feldspar and quartz. The alkali feldspar megacrysts are turbid, have perthitic exsolution lamellae, and are mantled by oligoclase (Figs 3 and 4). The oligoclase mantle is in turn rimmed by a myrmekite-like intergrowth of K-feldspar and quartz of varying grain sizes. Plagioclase is found as euhedral, zoned, randomly oriented crystals as well as fractured porous crystals rich in mafic inclusions. Biotite occurs as individual flakes or is intergrown with quartz. The flakes have corroded margins and contain minute inclusions of apatite.
The Siwana granites are peralkaline, hypersolvus and green-grey. They comprise quartz and perthitic as well as antiperthitic feldspar megacrysts. The mafic minerals include arfvedsonite, aegirine, aegirine-augite and aenigmatite [(Na,Ca) Relics of the original, strain-controlled, braid microperthite (Braid Avg : Or 59 Ab 40 An 1 ) that may have formed as a result of coherent exsolution during cooling from solidus temperatures can be found as patches within the megacrysts (Figs 4 and 5c, d). The braid-patch boundary is sharp in some places (Fig. 5d ). However, in other regions, the plagioclase exsolution lamellae in the braid progressively thicken through vein into patch perthite (Fig. 5d ). The braid perthites are usually devoid of any significant microporosity whereas the adjacent vein and patch perthites are dotted with numerous micropores.
The oligoclase mantle of the alkali feldspar megacrysts comprises two textural types. The texturally earlier one, which is intensely fractured and highly porous, is more anorthite-rich (Olg-1: Or 1 Ab 74-79 An 25-20 ) (Fig. 5e ). This oligoclase is pitted and criss-crossed by a hierarchical system of perpendicular fractures, which gives it a porosity of c. 9% (Fig. 5e ). Its composition is similar to the oligoclase in the patch perthites. The other textural variety of mantle oligoclase is more albite-rich (Olg-2: Or 1 Ab 83-90 An 12-16 ), lacks any significant fractures, and replaces Olg-1. It is dotted with numerous inclusions of hematite, ilmenite, sericite, annite and K-feldspar (Fig.  5e ). In several places, the oligoclase in the plagioclase mantle is replaced by patches of albite. The albite patches are irregular and full of micro-and macro-pores, as well as numerous inclusions of muscovite, hematite, ilmenite, and biotite ( Fig. 5f) . The fractures or pores as well as the inclusions are oriented along two major directions at high angles ( Fig. 5e and f) .
The contact between the perthitic interior and the oligoclase mantle is irregular and corroded, but sharp, and mimics the outer boundary of the oligoclase (Figs 3a, 4 and 5e, g). A thin zone of polycrystalline quartz partially surrounds the oligoclase mantle (Figs 3a and 4) . The composition of the K-feldspar in these intergrowths is similar to that included in the plagioclase mantle and in the patch perthites. The quartz is vermicular and usually grows outwards perpendicular to the oligoclase boundary (Fig. 5i) . (Fig. 6b) . These braid microperthites possibly represent the relics of original, strain-controlled, coherent exsolution lamellae that formed during cooling from solidus temperatures.
Siwana granite
Both the orthoclase-rich (Or 94-91 Ab 6-8 An 0-1 ) and the albite-rich (Or 1 Ab 90-91 An 7-8 ) veins and patches are pitted and full of pores and fractures (Fig. 6c) . They are associated with inclusions of hedenbergite, ilmenite, magnetite, ulvö spinel [Fe/(Fe þ Ti) ¼ 0Á5-0Á8], biotite and hematite, which fill up the pore spaces and fractures within them. The inclusions define linear trails subparallel to the orientation of the veins and patches (Figs 4  and 6d) . The margins of the inclusions are irregular with apophyses growing into the host feldspar along fractures and cleavage planes (Fig. 6e) . The ilmenite and ulvö spinel inclusions are often rimmed by annite (Fig. 6e) . Macroscopic pores, aligned along a cleavage direction, have developed in the albitic feldspar host (Fig. 6e) .
The antiperthitic megacrysts are surrounded by a plagioclase mantle of albite (Or 3-0 Ab 97-100 An 0 ) (Figs 3b, 4 and 6f). The albite in the mantle is pitted and porous and full of inclusions of K-feldspar, aegirine-augite and aegirine. The aegirine-augite inclusions are also pitted and porous with serrated margins (Fig. 6g) . In contrast, the aegirine inclusions are relatively euhedral, free of pore spaces, and replace the aegirine-augite (Fig. 6h) . The boundary between the megacryst and the mantle is irregular but sharp and mimics the outer boundary of the mantle (Figs 3b, 4 and 6i) . Close to the boundary, the megacrysts are almost free of orthoclase-rich patches and veins (Fig. 6i) . A thin layer of alkali feldspar (Or 37-41 Ab 60-55 An 3-4 ) occurs at the megacrystplagioclase mantle contact (Fig. 6i) . The mantle is in turn rimmed by a myrmekite-like intergrowth of quartz, K-feldspar and albite (Fig. 6f) .
The individual analyses of the albite-rich and the orthoclase-rich patches and the braid microperthite for the perthitic rapakivi megacrysts are plotted in Fig. 7a and b. The braid microperthite compositions are generally tightly clustered, whereas the orthoclase-rich patches define a more extended distribution in Ab-Or. The albite-rich patches have tightly clustered Ab-Or compositions but display a large variation in the anorthite content (0Á0-25Á0 mol %). Tie lines drawn by linear regression through the Or-rich patches and the braid microperthite intersect the albite-rich patches at c. 7 mol % An. The plagioclase mantle compositions do not cluster around the Orp-braid tie line.
For the antiperthitic megacrysts, the analyses of the albite-rich and the orthoclase-rich patches and the braid microperthite define three distinct clusters (Fig. 7c and d) .
The albite-rich patches have tightly clustered Ab-Or compositions but display slight variations in the anorthite content (8Á0-13Á0 mol %). Tie lines drawn by linear regression through the Or-rich patches and the braid microperthite pass through the anorthite-rich compositions of the albite-rich patches. The mantle compositions, being almost pure albite, plot away from the Orp-braid tie line.
Evidence for fluid-rock interaction
The Siwana and the Jalore granites have undergone extensive fluid-rock interaction and metasomatism. In the Jalore granite, the perthitic feldspars have become turbid and porous, and contain secondary inclusions of sericite, biotite, zoisite and hematite. Magmatic, trace element-rich zircons have been pseudomorphically replaced by trace element-poor and Ca-and Fe-rich fractured zircon (Fig. 8a) . The alteration is associated with patches of hematite and secondary thorite. Similar alteration features, attributed to an interface-coupled dissolution-reprecipitation mechanism, have been noted in zircon from alkaline pegmatites of the Chilwa Alkaline Province in Malawi (Soman et al., 2010) . Allanite has been partially pseudomorphed by pitted and porous hydroxyl-bastnä site (Fig. 8b) . Titanite shows patchy porous alteration features, with the precipitation of hydroxyl-bastnä site-(Ce) patches at the margins or along irregular fractures within the grains (Fig. 8c) . Biotite has been altered along the margins and the cleavage planes to porous and inclusion-rich chlorite, with euhedral and porous hydrothermal zircon and ilmenite associated with the replacement zones (Fig.  8d) . In the peralkaline Siwana granites, in addition to turbidity and replacement textures in the feldspar, magmatic hedenbergite shows replacement by porous aegirine-augite and aegirine (Fig. 8e) . Both aegirineaugite and aegirine are highly pitted. Aenigmatite is also replaced by patchy aegirine-augite and arfvedsonite. In addition, arfvedsonite has been altered along the margins to aegirine-augite, which is highly fractured and filled with inclusions of hematite (Fig. 8f) . Catapleiite has been pseudomorphically replaced by zektzerite along grain boundaries and cleavage planes (Fig. 8g) . Magmatic cerite is replaced by pitted, fractured and porous hydroxyl-bastnä site-(Ce) (Fig. 8h) . Fine-grained intergrowths of monazite and quartz or Th-Zr-REE-Nb-Ti silicates can be seen in the intergranular spaces between quartz and feldspars. Such intergrowths are invariably associated with quartz and hematite patches and are often pseudomorphic after unknown euhedral minerals (Fig. 8i) .
FELDSPAR AND TI-IN-QUARTZ GEOTHERMOMETRY
Feldspar thermometry was done using the SOLVCALC program (Wen & Nekvasil, 1994) . The temperatures were calculated using the thermometric formulations of Lindsley & Nekvasil (1989) and Elkins & Grove (1990) . For the patch perthite/antiperthite formation, two-feldspar temperatures were calculated using near-neighbour albite-rich and orthoclase-rich patch pairs. Temperatures were also calculated for the plagioclase mantle formation using the mantle oligoclase/albite and included Kfeldspar. Minimum solvus temperatures for the braid perthite/antiperthite formation were calculated using the integrated braid compositions. The feldspar compositions and the calculated temperatures are listed in Table 3 . For the perthitic rapakivi feldspars in the Jalore granite, two-feldspar thermometry gives average temperatures of 478-490 C for the Orp-oligoclase patches and 283-287 C for the Orp-Abp. Average temperatures of 253-266 C were obtained for the oligoclase mantle girdling the megacrysts. For the antiperthitic megacrysts in the Siwana granite, the orthoclase-rich and albite-rich patch pairs give average temperatures of [465] [466] [467] [468] [469] [470] [471] [472] [473] [474] [475] [476] [477] [478] [479] C. An average temperature of c. 180 C was obtained for the formation of the albite mantle. The integrated braid compositions in the perthitic and antiperthitic megacrysts give solvus temperatures of 720-725 C and 815-840 C, respectively. These represent minimum temperatures for magmatic crystallization of the feldspars.
Quartz phenocrysts in the Jalore granite have Ti contents of 106-154 ppm. Using the Ti-in-quartz thermometer of Wark & Watson (2006) , an average temperature of 774 6 39 C was obtained, which corresponds to igneous crystallization of the quartz.
TRACE ELEMENT VARIATIONS IN FELDSPAR PHASES
In the perthitic rapakivi feldspar, the oligoclase mantle has elevated concentrations of light REE (LREE), Be, Sr and Eu, but is depleted in Rb and Ba (Fig. 9a-d) . The albite patches replacing oligoclase in the plagioclase mantle also have elevated Be, Sr and LREE. The albite-rich veins and patches have high Sr and Eu, but are depleted in Rb, Ba, Be and LREE. The orthoclase-rich patches have elevated Ba and Rb, and low Sr, Eu, Be and LREE concentrations. The vein and/or patch-free zones of the alkali feldspar megacrysts in the immediate vicinity of the oligoclase mantle are enriched in Ba, Ti and Rb, but depleted in Sr, Eu, Be and LREE. The braid microperthite patches also have elevated concentrations of Ba, Ti and Rb, but show depletion in Be and LREE. However, in contrast to the lamellae-free K-feldspars, these patches are enriched in Sr and Eu. Inclusions of K-feldspar in the vein and patch perthite have high Ba and Rb, and low Be and LREE concentrations. The Eu concentrations in all the zones show a positive correlation with Sr. In the antiperthitic megacrysts, the albitic plagioclase mantle is depleted in Rb, Sr, Eu and Ba and enriched in high field strength elements (HFSE) such as Nb and LREE (Fig. 9e-h ). The orthoclase-rich veins and patches have high concentrations of Ba, Sr and Eu, but are depleted in Rb, Nb and LREE. The albitic host of the orthoclase-rich patches is also depleted in Nb, LREE and Rb, but has highly variable Ba, Sr and Eu concentrations. The braid microperthites show elevated Ba, Sr and Eu, but are depleted in Nb and LREE. The K-feldspars occurring as inclusions in the plagioclase mantle or intergrown with quartz in the myrmekite-like intergrowth girdling the plagioclase mantle are depleted in Ba, Sr and Eu but enriched in Rb. They have variable Nb and LREE concentrations.
DISCUSSION
Mechanism of plagioclase mantle formation
The embayed and corroded, but sharp, interface between the perthitic/antiperthitic feldspar megacrysts and the oligoclase/albite mantle, the presence of apophyses of oligoclase and albite protruding into the megacryst interiors, and the islands of alkali feldspar stranded within the oligoclase and albite mantles all indicate that the plagioclase mantles have partially replaced the feldspar megacrysts. The original shapes of the megacrysts are preserved, suggesting that the replacement was pseudomorphic in nature. The pitted, porous, and turbid nature of the feldspars, the presence of an epitactic relationship between the megacrysts and the plagioclase mantles, the development of the oligoclase/albite mantle as pseudomorphs, the presence of a hierarchical system of fractures within the interiors of the megacrysts as well as within the mantle, and the presence of secondary inclusions of hematite, sericite, biotite and zoisite are microtextural features typically formed during fluid-mediated dissolution-reprecipitation replacement processes. These microtextures can best be explained by an interface-coupled dissolution-reprecipitation process. This is a well-established reaction mechanism in which the fluid phase acts as a catalyst and the reacting mineral is replaced either by a new composition of the same phase or by a set of entirely new phases (Putnis, 2002 (Putnis, , 2009 Putnis & Austrheim, 2010; Ruiz-Agudo et al., 2014) . In this process, the dissolution of the parent mineral is simultaneously accompanied by the precipitation of new or altered phases along an inward-moving reaction front. The mechanism requires the presence of pathways through the newly precipitated phases, allowing for the rapid mass transfer between the reaction front and the fluid phase, producing an extensive network of microporosity in the reaction zone. The replacement process may be pseudomorphic and results in sharp compositional boundaries between the altered and unaltered parts of the mineral and may preserve the original grain shape (Putnis, 2002 (Putnis, , 2009 ). The coupled dissolution and reprecipitation has been demonstrated to be a viable replacement process in feldspars and other minerals by several researchers (e.g. Harlov Braid  39Á8  59Á0  1Á24  725 720  63Á1 31Á6 5Á38 840 815  Patch  85Á8  0Á84  13Á4  19Á0  81Á0  0Á010 478 472 87Á6 4Á0  8Á4 21Á9 77Á2 0Á9  527 515  85Á8  0Á84  13Á4  19Á0  81Á0  0Á010 495 494 87Á6 4Á0  8Á4 20Á4 79Á2 0Á5  511 505  73Á5  1Á36  25Á2  15Á6  84Á3  0Á080 481 465 87Á6 4Á0  8Á4 10Á0 89Á9 0Á0  380 361  73Á5  1Á36  25Á2  15Á6  84Á3  0Á080 501 479 87Á8 0Á7 11Á5 17Á8 81Á5 0Á6  491 470  73Á5  1Á36  25Á2  19Á0  81Á0  0Á010 533 534 87Á8 0Á7 11Á5 20Á9 78Á7 0Á5  500 490  73Á5  1Á36  25Á2  11Á1  88Á6  0Á340 450 423 90Á4 1Á1  8Á6 14Á9 84Á7 0Á4  465 446  93Á6  1Á84  5Á35  5Á7  94Á3  0Á040 312 All T estimates are for P of 1 bar. Two-feldspar T calculated using the SOLVCALC software (Wen & Nekvasil, 1994) and using the Margules models of Lindsley & Nekvasil (1989) and Elkins & Grove (1990) . The braid T is estimated using integrated average braid composition. For the patch perthite/antiperthite and plagioclase mantles, concordant T are reported [E.G., Elkins & Grove (1990) ; L.N., Lindsley & Nekvasil (1989) ].
Feldspar thermometry
et al. , 2005 Engvik et al., 2008; Niedermeier et al., 2009; Plü mper & Putnis, 2009; Hö velmann et al., 2010; Putnis & Austrheim, 2010; Upadhyay & Pruseth, 2012; Norberg et al., 2013 Norberg et al., , 2014 . The feldspar megacrysts in the Jalore and Siwana granites crystallized at temperatures above 720 C. After magmatic crystallization, the feldspar megacrysts in the Siwana and Jalore granites underwent coherent exsolution, possibly by spinodal decomposition, at temperatures above C, leading to the formation of straincontrolled braid microperthite/antiperthite. Subsequently, they reacted with deuteric fluids during which process the perthitic or antiperthitic megacrysts underwent fluidmediated dissolution along a reaction front that moved inward from the feldspar boundary. This dissolved the braid perthite/antiperthite and simultaneously precipitated oligoclase/albite and K-feldspar, forming the plagioclase mantle. Such a process easily explains the sharp boundary between the megacryst interiors and the mantles, the decrease in the volume proportion of lamellae at the megacryst boundary and the presence of hematite inclusions.
The presence of a thin film of SiO 2 at the megacrystmantle contact (Figs 4 and 5) in the perthitic rapakivi feldspars within the Jalore granite can be explained as polycrystalline quartz precipitated from a fraction of the dissolved braid perthite that did not contribute to the formation of either oligoclase or K-feldspar. Norberg et al. (2013) also noted the presence of significant amounts of quartz during experimental replacement of synthetic cryptoperthites by patch perthite, which they attributed to a similar process. The K, Ca, and Al component of the braid perthite corresponding to the precipitated quartz film went on to form sericite, annite, and zoisite inclusions in the mantle. Because Na could not be accommodated in any of these inclusion phases, it remained dissolved in the fluid and later precipitated as patches of albite replacing the oligoclase mantle. Engvik et al. (2008) and Plü mper & Putnis (2009) have also documented fine-grained sericite closely associated with porous albite in albitized granitoids, which they attributed to dissolution-reprecipitation processes. The formation of sericite was also observed by Norberg et al. (2013) in experimental replacement of synthetic cryptoperthite by patch perthite in acidic fluids.
In the antiperthitic megacrysts within the Siwana granites, dissolution-reprecipitation processes produced a plagioclase mantle of albite even though the host feldspars were of oligoclase composition. This required an influx of additional Na brought in by the fluid, an inference supported by mass-balance constraints (discussed below) and the presence of aegirine inclusions in the mantle. The dissolving orthoclase-rich lamellae precipitated as K-feldspar inclusions within the plagioclase mantle and as a thin layer of K-feldspar at the megacryst-plagioclase mantle contact. In general, however, the replacement process must have been an open system because the plagioclase mantle compositions do not cluster on the braid-Orp tie line.
The generation of porosity is an important characteristic of the coupled dissolution process. Porosity results from the differences in the molar volume between the solid phases, as well as differences in their relative solubilities (Putnis et al., 2005) . argued that the formation of 2-4% porosity during dissolutionreprecipitation reactions in feldspars from the Klokken intrusion would have required a fluid:feldspar weight ratio of c. 26:1. Norberg et al. (2013) reported porosities of c. 11% during experimental replacement of synthetic cryptoperthites by patch perthite at 500 C and 1000 MPa or 1500 MPa, with as little as 20 wt % fluid. For the rapakivi feldspars in the Jalore granite, the $8% porosity in the plagioclase mantle is in agreement with the experimental results of Norberg et al. (2013) and exceeds previous estimations on natural samples, where porosities of up to 4Á5% have been reported (e.g. Walker et al., 1995; . Given that many of the pores and fractures would have annealed after the cessation of fluid-rock interaction, the actual porosity during the replacement would have been even higher. This would imply that the fluid:feldspar ratios were high or that the replacement took place at elevated pressures. have shown that hematite formed in pores at the reaction interface between K-feldspar and plagioclase was a direct product of fluid-rock interaction and was not due to solid-state exsolution or cocrystallization. Thus, the association of hematite with pore spaces in feldspars from the Malani Igneous Suite is consistent with a subsolidus origin, with the hematite precipitating as a co-product from Fe-bearing fluids.
Mechanism of patch perthite/antiperthite formation
Microtextural evidence, such as the pitted, porous, and turbid nature of the vein and patch perthite/antiperthite, and the presence of hematite, muscovite, biotite, and zoisite inclusions in pore spaces and fractures within them indicate a subsolidus fluid-induced origin for the patch perthite/antiperthite (e.g. Parsons, 1978; Parsons & Brown, 1984; Worden et al., 1990; Walker et al., 1995; Lee & Parsons, 1997; Parsons & Lee, 2000 , 2009 Nakano et al., 2002 Nakano et al., , 2005 Plü mper & Putnis, 2009 ). The progressive thickening of the braid microperthite through vein perthite/antiperthite into the patch perthite/antiperthite indicates that patch formation is due to the reaction of the coherent braid intergrowths with aqueous fluids. Thus, the vein/patch perthite/antiperthite formation can be argued to have been intricately linked with the replacement processes that formed the plagioclase mantles.
The two-feldspar temperatures (465-490 C) estimated from the patch pairs Orp-oligoclase and Abp-Orp in the perthitic and antiperthitic megacrysts indicate that the braid to patch transition was triggered by deuteric fluids. The sharp boundary between the braid and the patches, and the presence of porosity in the veins and the patches, suggests that the replacement involved a dissolution-reprecipitation process that converted the coherent braids to incoherent irregular patches. As the rapakivi replacement front progressed pseudomorphically inwards, infiltration of fluids into the interiors of the relict feldspar megacrysts along fractures and braid boundaries dissolved the braid perthite/antiperthite and simultaneously precipitated the patch perthite/antiperthite. The braid perthite, because of its coherency strain energy, would have been more soluble than the patch perthite/antiperthite. Thus, the driving force for the replacement would have been the reduction of coherency strain energy associated with the interfaces of exsolution lamellae (Brown & Parsons, 1993) , as well as chemical potential gradients that may have existed during fluid infiltration. The presence of relics of the braid is an indication that the mutual replacement reactions were incomplete. The large spread in the Ab-An compositions of the albite-rich patches, and the fact that they do not cluster along the Orp-braid tie line, hints at the possibility that the braid-patch transition was not an isochemical process.
The rimming of oligoclase by albite in the patch perthite/antiperthite suggests that the oligoclase patches were subsequently replaced by albite. The twofeldspar temperatures of 253-287 C obtained for the Abp-Orp corresponds to this albitization episode. Surprisingly, two-feldspar temperatures (180-266 C) for plagioclase mantle formation in the two types of granite are very similar to the temperatures corresponding to the albitization, which indicates that the plagioclase mantles have also undergone albitization and re-equilibration after their formation. The albitization is manifested in the replacement of the more anorthite-rich Olg-1 by the more albite-rich Olg-2, accompanied by annealing of the fracture and a decrease in porosity. The existence of intermediate compositions of the plagioclase between An 1 and An 22 is thus a result of the partial albitization of oligoclase, leading to plagioclase compositions within the peristeritic gap (from about An 2 to An 20 ) (Moody et al., 1985; Kaur et al., 2012) . The two-feldspar temperatures of 465-490 C retrieved from the relict oligoclase in the patch perthites is thus taken to be the closest estimate of the temperature during plagioclase mantle and patch perthite/antiperthite formation.
Chemical changes: mass-balance constraints
The chemical changes during the formation of the plagioclase mantles and the patch perthites/antiperthites were evaluated using a mass-balance approach. The volume proportions of the phases within the rapakivi megacrysts were approximated by their area proportions, estimated using the Image J V C software. The original (unaltered) feldspar was taken to have comprised the relict megacryst with its perthite/antiperthite and braid patches, the newly formed plagioclase mantle and the quartz and biotite inclusions within the megacryst and mantle or along the boundary between the relict feldspar and the plagioclase mantle. The relative changes in the masses of elements between the original feldspar and the altered megacryst (relict megacryst with its perthite/antiperthite and braid patches, the newly formed plagioclase mantle as well as the quartz and biotite inclusions within the megacryst and mantle or along the boundary between the relict feldspar and the plagioclase mantle) were estimated. The integrated composition of the braid perthite/antiperthite was taken to be the closest estimate of the unaltered megacryst composition. The compositions of the other phases were estimated from their area proportions, average composition and densities. The gain or loss of elements or species (expressed as C altered /C original , where C is the concentration of species) was evaluated using the 'isocon' approach (Grant, 1986 (Grant, , 2005 .
For the perthitic rapakivi feldspar, the isocon slopes (C altered /C original ) for SiO 2 , Al 2 O 3 , and Na 2 O are 1Á02, 0Á98, and 1Á02 respectively. These elements were largely conserved during the formation of the plagioclase mantle and the patch perthites. Therefore, for the mass-balance calculations, SiO 2 was chosen as immobile, as its isocon slope (1Á02) corresponds to no relative change in mass. In comparison with the isocon of SiO 2 , significant loss of the large ion lithophile elements (LILE) K 2 O ($34%), Ba ($70%), Rb ($22%), Sr ($23%), Eu ($31%) and Pb ($28%) is observed. In contrast, significant gains of CaO ($515%), TiO 2 ($370%), FeO ($471%), MgO ($6958%), P 2 O 5 ($309%), Be ($1410%), Zn ($671%), Sc ($19%), and F ($25%) are observed. The alteration also led to the addition of significant amounts of HFSE, such as Nb ($48868%), and LREE ($247%) (Fig. 10a, Table 4 ).
In the antiperthitic rapakivi feldspar, SiO 2 , Al 2 O 3 , CaO, and Sc with isocon slopes of 1Á01, 0Á98, 1Á03 and 1Á04, respectively, remained immobile. Relative to SiO 2 , significant losses of K 2 O ($30%), Ba ($49%), Sr ($58%), Eu ($46%), and Li ($24%) are seen. The alteration led to gain of several major and trace elements. Minor gains are observed for Na 2 O ($10%) and F ($26%), whereas notable gains are seen in MgO ($676%), P 2 O 5 ($145%), TiO 2 ($540%), FeO ($346%), Cl ($277%), Rb ($135%), Be ($112%), and Zn ($908%). There has also been significant gain of HFSE such as Y ($4006%), Zr ($10418%), Nb ($10040%), LREE ($271%) and HREE ($7030%) (Fig. 10b, Table 4 ).
The mass-balance evaluations clearly establish that the patch perthite/antiperthite and the plagioclase mantle formation were open-system processes involving considerable exchange of constituents between the fluid and the solids. The following observations are noteworthy in this context: (1) both the perthitic and antiperthitic megacrysts have significantly gained TiO 2 , FeO, MgO, P 2 O 5 , Be and Zn, as well as the HFSE Y, Zr, Nb, and LREE and HREE; (2) the ions normally incorporated in feldspars, such as the LILE, show more erratic behaviour: whereas both the perthitic and antiperthitic feldspars lost K 2 O, Ba, Sr, and Eu, the perthitic feldspar gained CaO but lost Rb, whereas the antiperthitic feldspar gained Rb with CaO being conserved; (3) the replacement reactions involved significant influx of Cl and F. These observations indicate that, for some elements, the fluid composition was externally buffered, whereas for others it was internally controlled. For the nonfeldspar constituents; that is, elements not normally incorporated significantly in the feldspar structure, such as TiO 2 , FeO, MgO, P 2 O 5 , Be, Zn, Y, Zr, Nb, and the LREE/HREE, the fluid composition appears to have been externally controlled. This is because both the perthitic and antiperthitic feldspar megacrysts show a similar mobilization pattern for these elements, even though they reside in rocks of different bulk composition (i.e. peraluminous Jalore granite for the perthitic feldspar and peralkaline Siwana granite for the antiperthitic megacryst). The distribution of the LILE that are normally incorporated in feldspars was largely controlled by dissolution-reprecipitation reactions during plagioclase mantle and patch perthite/antiperthite formation. The contrasting behaviour of some of these elements can be attributed to differences in the composition of the starting megacrysts undergoing dissolutionreprecipitation. The deuteric fluid was rich in Fe, which precipitated as hematite in the replaced feldspars. The influx of Y, Zr, Nb, and REE correlates with the significant increase in F and Cl concentrations. The fluid involved in the transport and deposition of these elements had a high chloride and fluoride activity and the elements were transported as chloride and fluoride complexes. Similar close association between hydrothermal REE mineralization and high fluorine activity have been noticed previously (e.g. Williams-Jones et al., 2012; Migdisov & Williams-Jones, 2014) .
The plagioclase-mantled feldspar megacrysts are surrounded by a myrmekite-like intergrowth of K-feldspar and quartz. The formation of this intergrowth can be linked to the plagioclase mantle and patch perthite/antiperthite formation. The K lost from the megacrysts during their alteration was reprecipitated as K-feldspar along with quartz. Because SiO 2 was largely conserved, the silica required for the intergrowth was sourced from the fluid or by the dissolution of quartz in the rock matrix.
Trace element fractionation during patch perthite/antiperthite and rapakivi formation have shown that the partitioning of M-site cations such as Rb, Ba, Pb, Sr, Eu, La, and Ce between Na-and K-rich feldspar phases is largely controlled by the ionic radius and not the ionic charge. These elements define linear arrays on plots of log 10 D Orp/Abp (D is the partition coefficient between orthoclase-rich and albite-rich feldspar) versus ionic radius.
To a first approximation, the trace element distribution among the coexisting feldspar phases in the rapakivi megacrysts of the Malani granites appears largely to be controlled by the ionic radius. The elevated concentrations of Sr and Eu in the oligoclase/albite mantle or patches can be explained by the preferential partitioning of these elements into Na-rich feldspar vis-à -vis coexisting K-feldspar. In eight-fold coordination, the ionic radii of Sr 2þ (0Á126 pm) and Eu 2þ (0Á125 pm) are closer to those of Na 1þ (0Á118 pm) and Ca 2þ (0Á114) than to that of K (0Á152 pm). Hence, Sr and Eu substitute for Na and Ca in the M site of oligoclase/albite. The ionic radii of the LREE (e.g. La ¼ 0Á116 pm, Ce ¼ 0Á114 pm) are also very similar to that of Na, which accounts for the elevated concentrations of the LREE in the Nafeldspars. The small Be-ion with an ionic radius of 0Á027 pm in four-fold coordination replaces Al in the tetrahedral (T) site of feldspars (Grebenshchikov, 1964) . have shown that Be strongly partitions into Na-feldspars during fluid-induced dissolution-reprecipitation processes. A similar behaviour is noted for the feldspar megacrysts of the Malani granites where the oligoclase plagioclase mantle and the albite patches within it have high Be concentrations.
The elevated Sr and Eu concentrations in the film/ patch perthite can be explained by the preferential substitution of these elements for Na in the M site of the Na-rich film/patch perthite, just as in the oligoclase and albite plagioclase mantle/patches. However, the Be and LREE contents of the film/patch perthite lamellae do not conform to the partitioning behaviour observed by . The film/patch perthites, being Narich, are expected to have elevated Be and LREE concentrations. This is in contrast to the low Be and LREE abundances in these domains.
The ionic radii of Ba 2þ and Sr 2þ in eight-fold coordination (0Á142 pm and 0Á126 pm respectively) are reasonably close to that of K þ (0Á152 pm). The high Rb and Ba concentrations of the lamellae-free alkali feldspar and 
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Concentrations of oxides are in wt % and those of trace elements in ppm; CiO, original megacyst; CiA, rapakivi (altered) megacryst; SF, factor used for scaling concentrations to the same range for plotting in Fig. 9 ; Cio ¼ CiO Â SF; Cia ¼ CiA Â SF; Cia/Cio, slope to data point; DC, gain/loss; DC/Cio, per cent gain or loss; n.a., not applicable; n.d., not detected. the orthoclase-rich patches can be explained by the preferential fractionation of these elements into K-rich feldspar where they substitute for K on the M-site. noted a similar partitioning behaviour of these elements in feldspars from the Klokken intrusion and calculated D Orp/Abp of 46-115 and 6-11 for Rb and Ba respectively. The relict braid patches have high Ba, Rb, Sr and Eu concentrations. The larger laser spot sizes provide average compositions of these zones, reflecting the trace element content of the original igneous ternary feldspar megacryst.
Titanium is thought to be incorporated in the T-site of feldspar (Smith & Brown, 1988) . However, it is not clear if all the Ti is incorporated within the feldspar structure or occurs in inclusions (e.g. . The Ti concentrations of the different feldspar phases in the Malani rapakivi megacrysts define distinct clusters, which indicate that Ti is present in structural sites. The braid patches, the lamellae-free zones of the megacryst at the oligoclase interface, and the oligoclase mantle have higher Ti concentrations than the other zones. This shows that the partitioning of Ti is independent of Na and K contents of the feldspars. The similar Ti concentrations of the oligoclase mantle, braid patches and lamellae-free zones of the megacrysts support textural observations that the oligoclase mantle is the alteration product of the original megacryst. It also indicates that the Ti introduced into the feldspars (as seen from the mass-balance calculations) was largely excluded by the feldspars and rather incorporated in inclusions of ilmenite, ulvö spinel, and annite.
Sequence of microtexture development
The sequence of microtexture development during the formation of the rapakivi feldspars in the granites of the Malani Igneous Suite are summarized below and illustrated in Fig. 11. 1. The feldspar megacrysts crystallized from their parental magmas at temperatures >720 C, as indicated by the integrated composition of the braid perthite/ antiperthite. Because the feldspars are expected to have crystallized earlier than, or together with, quartz, the Ti-in-quartz temperatures of 774 6 39 C obtained from magmatic quartz phenocryst also provide a minimum estimate of solidus temperatures. 2. The feldspar megacrysts underwent coherent exsolution, possibly by spinodal decomposition, leading to the formation of strain-controlled braid microperthite/antiperthite. The exsolution took place at temperatures above 465-490 C (Fig. 11a) . 3. At temperatures of 465-490 C, the feldspar megacrysts reacted with deuteric fluids. This led to the dissolution of the braid perthite/antiperthite along an inward-moving reaction interface and coupled precipitation of the oligoclase/albite mantle (Fig. 11b) . 4. As the replacement front progressed inward, the fluids infiltrated into the interiors of the relict megacrysts along fractures and braid boundaries and reacted with the braid perthite via a dissolutionreprecipitation replacement process. This resulted in the formation of patch perthite and antiperthite.
Owing to limited permeability, the replacement reactions were incomplete, preserving patches of the unreacted braid perthite (Fig. 11c ). 5. At temperatures of c. 253-283 C, the feldspars were partially albitized. The oligoclase patches and the plagioclase mantles were pseudomorphically replaced by albite during this event (Fig. 11d) . 6. The replacement processes leading to the formation of the plagioclase mantle and the patch perthite/antiperthite were not isochemical with respect to both major and trace elements. The fluid composition was externally buffered for many of the elements, but internally controlled by feldspar dissolutionreprecipitation reactions for those elements that are normally incorporated in the feldspar structure.
Comparison with existing models of rapakivi feldspar formation
The existing hypotheses about the origin of rapakivi feldspars have largely revolved around magmatic or dry subsolidus processes. The magmatic models favour either sub-isothermal decompression (e.g. Shkodzinsky, 1985; Nekvasil, 1991; Shebanov, 1993 Shebanov, , 1994 Eklund, 1997; Eklund & Shebanov, 1999) or mixing of granitic and mafic magmas (Bladh, 1980; Hibbard, 1981; Bussy, 1990; Andersson, 1991; Wark & Stimac, 1992; Eklund et al., 1996; Sukhorukov, 1996; Persson, 1999; Eerola, 2002; Mü ller & Seltmann, 2002; Slaby et al., 2002 Slaby et al., , 2007 Slaby & Gö tze, 2004; Mü ller et al., 2005 Mü ller et al., , 2008 Wang et al., 2008) for the formation of the rapakivi texture. Eklund & Shebanov (1999) used thermobarometric constraints retrieved from mineral inclusions at the centre and margin of rapakivi feldspar ovoids in granite batholiths from the Fennoscandian Shield to suggest an origin by sub-isothermal decompression. Those researchers reported that K-feldspar ovoids in the granite crystallized at temperature of 680-720 C and pressure of 5-6 kbar, whereas the plagioclase mantles crystallized at similar temperatures but at a lower pressure of 1Á0-3Á5 kbar. The sub-isothermal ascent of the magma destabilized alkali feldspar and quartz and favoured growth of the plagioclase (Nekvasil, 1991; Eklund & Shebanov, 1999) . Such a process is unlikely to have produced the rapakivi feldspars in the Siwana and Jalore granites. This is because the temperatures reported for the formation of rapakivi feldspars by subisothermal decompression are significantly higher than the 253-490 C temperatures retrieved from the plagioclase mantles and the patch perthite/antiperthites in the Siwana and Jalore rapakivi feldspars. Furthermore, we did not find any variation or zoning of the Al content in amphibole or pyroxene, a feature usually taken to be evidence of pressure or depth variation (see Hogan et al., 2000) . Moreover, it is difficult to conceive of any process associated with magma decompression that could produce the observed porosity, hierarchical fracture system in the feldspars and the associated alteration assemblage of hematite, sericite, and zoisite.
Several studies of rapakivi granitoids have documented evidence of mixing and mingling of felsic and mafic magmas (Bladh, 1980; Hibbard, 1981; Bussy, 1990; Andersson, 1991; Wark & Stimac, 1992; Eklund et al., 1996; Sukhorukov, 1996; Persson, 1999; Eerola, 2002; Mü ller & Seltmann, 2002; Slaby et al., 2002 Slaby et al., , 2007 Slaby & Gö tze, 2004; Mü ller et al., 2005 Mü ller et al., , 2008 Wang et al., 2008) . Eklund et al. (1996) noted that most rapakivi intrusive rocks are spatially and temporally associated with mafic rocks. It has been postulated that mixing of felsic magma with more mafic magma destabilizes alkali feldspar and quartz in the hybrid magma leading to their resorption. The hybrid magma precipitates plagioclase on the resorbed alkali feldspar owing to the enlargement of the plagioclase stability field. Stimac & Wark (1992) attributed the formation of oligoclase mantles around sanidine in dacites from the Clear Lake intrusion to the mixing of basaltic andesite and rhyolite and noted a positive correlation between the magnesium-number and the extent of dissolution of the sanidine megacrysts. Although magma mixing may be a valid process capable of producing rapakivi feldspars, several of our textural observations are difficult to reconcile with such processes. For example, we do not notice any resorption features in the quartz or compositional zoning in biotite and amphibole. Mixing with a mafic magma is expected to produce reverse compositional zoning in the ferromagnesian minerals. Moreover, the hybrid magma was unlikely to have crystallized the hematite, sericite and epidote intimately associated with the plagioclase mantles. The low temperatures estimated from feldspar thermometry are also inconsistent with a magma mixing model. Furthermore, the lack of any exposures of mafic rocks in association with the rapakivi granites (e.g. Fig. 1 ) also argues against a magma mixing model for the origin of the rapakivi feldspars in the Siwana and Jalore granites.
In contrast to the magmatic models described above, Dempster et al. (1994) proposed that mantling was a late exsolution feature formed by high-temperature exsolution of plagioclase from ternary feldspars, followed by its redistribution onto the margin of the phenocryst under dry subsolvus conditions. The process involves pulsed growth of the mantles with progressive exsolution from the megacryst interiors. Microtextural evidence, such as embayed and corroded interfaces between the perthitic/antiperthitic feldspar megacrysts and the oligoclase/albite mantles, the presence of apophyses of oligoclase and albite protruding into the megacryst interiors, and the islands of alkali feldspar stranded within the oligoclase and albite mantles, indicates that the plagioclase mantles in feldspar from the Siwana and Jalore granites have partially replaced the megacrysts and not grown over them. The presence of hematite, sericite and epidote within the megacryst interiors, as well as the plagioclase mantles, clearly testifies to the important role of fluids in the formation of these rapakivi feldspars. Thus, the rapakivi feldspars in the Siwana and Jalore granites could not have formed by a dry subsolidus exsolution process.
In summary, it can be argued that rapakivi feldspars in the Siwana and Jalore granites formed by a fluidinduced, coupled dissolution-reprecipitation replacement process, with the mantling taking place under subsolidus conditions after the emplacement of the granite. This represents a new mechanism of rapakivi feldspar formation in addition to magmatic and dry subsolidus processes.
